Medicinal carbon (MC) tablets were prepared to obtain an oral dosage form that can be easily taken. The MC tablets were made by the wet granule compression method, in which hydroxypropyl cellulose (HPC), carboxymethyl cellulose sodium (CMC Na) and maltitol (MT) were applied as binders. Brilliant Blue FCF (BB) was used as a model drug. The binders were evaluated in terms of formability of the granules and tablets, their strength, disintegration of the tablets, and their eŠect on the adsorption potential of MC. HPC and CMC Na gave the strong granules at a fairly low concetration, but more MT was needed to obtain the strong granules. The tablets could be formed only when using MT at 120％ (w/w) of the MC amount. The tablet displayed good hardness and rapid disintegration. The adsorption potential was not aŠected by CMC Na, and slightly prevented by MT. However, the adsorption ability of MC was lowered more with the increase in HPC. The granules and tablets exhibited similar adsorption potentials, which were a little lower than that of MC suspended in MT aqueous solution. Similar adsorption characteristics were also observed in a real drug, acetaminophen. It is suggested that the MC tablets prepared by the wet granule compression using MT as a binder should be useful as a compact dosage form of MC.
INTRODUCTION
Medicinal carbon (MC) is used clinically to treat intoxications caused by toxic chemicals taken orally, toxins generated in the gastrointestinal tract, drug overdose etc. [1] [2] [3] [4] [5] Further, it is useful for directly removing waste products from the blood stream. 6, 7) It can adsorb various chemicals 8, 9) and remove them from the body. MC is low in toxicity and price, and does not cause the emergence of drug-resistant strains of bacteria. Previously, it was demonstrated that MC displayed a good potential to adsorb an endotoxin which was related to serious symptoms of food poisoning, and MC with a size of 150-200 mesh showed a large capacity to adsorb an endotoxin. 10) MC isˆne powder and usually administered orally at a very high dose. 1, 5) A large amount of powder is a burden to patients, often resulting in non-compliance. MC can cause the trouble of attaching to the oral mucosal membrane. Therefore, it is desirable to process MC as an oral dosage form which can be taken more easily. In the present study, preparation of the MC tablets was attempted. In the preliminary experiment, the tablets could be made by the simple wet compression using common binders, but it was di‹cult to obtain the tablets with uniform content of MC. Therefore, in this study, the wet granule compression was applied to the production of the tablets. Hydroxypropyl cellulose (HPC), carboxymethyl cellulose sodium (CMC Na) and maltitol (MT) were examined as binders. The granules and tablets were evaluated based on formability, hardness, disintegration rate and adsorption potential. As to adsorption experiments, brilliant Blue FCF (BB) was mainly used as a model drug, and acetaminophen (AA) was also used in checking eŠect of MT on adsorption.
MATERIALS AND METHODS

Materials
Medicinal carbon (MC), beingˆne powder, was obtained from Kenei Pharmaceutical Co., Ltd. (Japan), and used without sieving. Brilliant Blue FCF (BB) and sodium carboxymethylcellulose (CMC Na) were purchased from Wako Pure Chemical Industries, Ltd. ( Japan). As to hydroxypropyl cellulose (HPC), hydroxypropyl cellulose type L (Nippon Soda Co., Ltd., Japan) was used. Acetaminophen (AA) was purchased from Sigma (USA). Amalty MR 50, provided by Towa Chemical Vol. 126 (2006) Industry Co., Ltd. (Japan), was used as maltitol (MT). BB and AA were model drugs, and HPC, CMC Na and MT were used as binders. All other chemicals were of reagent grade. Adsorption in Aqueous Solution of Binder BB (5 mg) was dissolved in 50 ml of water, MC (25 mg) was added, and the suspension was shaken horizontally at 90 strokes per min at 37°C. The suspension (1 ml) was taken at appropriate time points after the start of incubation, and centrifuged at 3000 rpm for 10 min. The supernatant was diluted, and its absorbance at 630 nm was measured to determine the concentration of free BB. The concentration of adsorbed BB was calculated by subtraction of the concentration of free BB from that of total BB. In the case of BB aqueous solution containing a binder, BB (5 mg) and the speciˆed amount of the binder were dissolved in water (50 ml), and the suspension was incubated in the same manner as above. The subsequent operation and analysis were performed in the same manner as above.
Preparation of Tablets by Wet Granule Compression
A binder aqueous solution (18 ml) was added to 10 g of MC, and the mixture was kneaded su‹ciently. Then, the wet mass was granulated manually with a sieve of size 9 mesh. The wet granules were dried at 60°C overnight. The dried granules (500 mg) was placed in a cylinder (1 cm inner diameter), and compressed at 4 kN for 30 s using an SSP 10 A manual press (Shimadzu Corp., Japan). The tablets were preserved in a glass bottle at room temperature, and used at 7 d after the production.
Characteristics of Granules and Tablets 1) Granule friability: The friability of the granules was examined using a friability tester (Kayagaki Irika Kogyo Co., Ltd., Japan). After the granules with a size of more than 14 mesh (1 g) were rotated at 25 rpm for 5 min, and the amount of the granules maintaining a size of more than 14 mesh was measured. The weight loss (％) of the granules from the initial amount was calculated as friability. 2) Tablet strength: The side of the cylindrical tablet was sandwiched softly between the ‰at platens of a Kiya-type hardness meter (Fujiwara Seisakusho, Japan). Then, the stress was gradually increased, and the hardness (F, kg) immediately before the crushing of the tablet was measured. Tensile strength (St, kg/cm 2 ) was calculated as follows. 11) St＝2F/(p×D×T ),
where D and T were the diameter (cm) and thickness (cm) of the tablet, respectively. 3) Disintegration time of tablets: As the medium was blackened by the tablet disintegration, it was di‹cult to determine the disintegration time by the normal disintegration apparatus. Therefore, a Model NT 60H disintegration tester (Toyama Sangyo Co., Ltd., Japan) was modied as shown in Fig. 1. 12 ) Namely, a basket with a mesh size of 1.5 mm was moved up and down with a distance of 5.5 cm at 30 strokes per min at 37°C, when the bottom of the basket moved up to the surface of the test medium, which enabled us to observe the status of the tablet on the basket. The time taken for the tablet to completely disappear from the basket was measured as a disintegration time. Water was used as a test medium.
Adsorption for Granule and Tablets
The JP 14 dissolution apparatus for the paddle method (Toyama Sangyo Corp., Japan) was used in this experiment. A tablet (500 mg), granules (500 mg) or MC (227 mg) was put in 500 ml of aqueous solution containing BB (50 mg) or AA (91 mg). Otherwise, MC (227 mg) was added to 500 ml of aqueous solution containing BB (50 mg) and MT (273 mg) or to 500 ml of aqueous solution containing AA (91 mg) and MT (273 mg). The paddle was stirred at 80 rpm and 37°C. At appropriate time points, the sample (1 ml) were withdrawn, centrifuged, and the supernatant was measured spectrophotometrically at 630 nm and 243 nm to determine the concentration of free BB and AA, respectively. The concentration of adsorbed model drug was calculated by subtraction of the concentration of free model drug from that of total model drug.
RESULTS AND DISCUSSION
EŠect of Binders on Adsorption Potential of MC The solutions of HPC and CMC Na are highly viscous at a high concentration, and mixing MC in such a highly viscous solution was di‹cult. Therefore, they were used at a fairly low concentration (1-10％ of MC). As MT is a small molecule, the solution of the high concentration could be used in mixing MC. Thus, MT was used at 40-120％ of MC. The adsorption of BB by MC was investigated in the BB aqueous solution containing a binder (Fig. 2) . CMC Na hardly aŠected the adsorption. MT slightly reduced the adsorption, but the reduction was not diŠerent among 40-120％ of MT. On the other hand, the adsorption degree was lowered more with the increase in HPC. That is, the adsorption degree at 24 h was hardly aŠected by HPC of 1％ of MC, but lowered to 78 and 67％ by HPC at 5 and 10％ of MC, respectively. CMC Na and MT were found better binders than HPC from the viewpoint of the adsorption potential.
Evaluation of Binders in the Production of Tablets
HPC and CMC Na allowed the production of granules (Table 1) . Actually, in the preliminary study, tablets were well formed by simple wet compression using HPC and CMC Na, though the content of MC could not be determined correctly. However, compression of the granules made with HPC and CMC Na as a binder did not allow the formation of the tablets, that is, compaction was not possible. HPC and CMC Na were useful as binders for MC, but the granules obtained by drying at 60°C appeared not to be bound together by compression. On the other hand, the granules prepared using more MT exhibited a greater strength. The tablets could not be prepared for the granules with a larger friability. However, the tablets were well formed from the granules with MT at 120％ of MC. Thus, the tablets could be obtained only when MT was used at 120％ of MC. In the case of the tablets with MT at 120％ of MC, binding among the granules was maintained even after compression of the granules probably due to the existence of a large amount of a binder, MT.
Adsorption Characteristics of Granules and Tablets
The adsorption of BB was examined under the conditions of MC suspension in water, MC suspension in MT aqueous solution, granules in water and a tablet in water (Fig. 3) . MT prevented the ad- Table 1 sorption of BB to a small extent. Further, the granules and tablets exhibited a little lower adsorption than MC suspended in MT aqueous solution. The adsorption degree at 24 h after the start of incubation was lowered by 15％ in MT aqueous solution, and it was decreased by 20％ in the granules and tablets. The adsorption characteristics of the granules and tablets were also investigated for a real drug, AA. As shown in Table 2 , the adsorption of AA was lowered by the addition of MT. Further, the eŠects of MT aqueous solution, granules and tablets on the adsorption potential appeared to be similar to those for BB.
Thus, it was suggested that MT should lower the adsorption potential of MC to a small extent, and that the granules and tablets showed similar adsorption which was a little lower than the MT aqueous solution. Although MT in the granules or tablets was considered to be dissolved and lost from the surface of MC with time, the diŠerence in the adsorption degree between MT solution and granules (or tablets) was almost the same among at 1, 6 and 24 h after the start of incubation ( Table 2) . Further, when moisture content of MC, granules and tablets was checked from change in weight by heating, it was 7- 9％ among them, indicating that the amount of net MC, calculated by subtraction of adsorbed moisture, appeared to be almost the same among MC, granules and tablets. Therefore, the diŠerence in the adsorption degree between MT solution and granules (or tablets) was considered not to be due to the moisture. Putting those things together, it is suggested that the granulation process should lower the adsorption capacity of MC. However, overall, the results indicated that MT was useful for the production of the tablets with a uniform content of MC and that the tablets displayed a high adsorption potential. Therefore, the MC tablets obtained were considered as a useful compact dosage form of MC. The usefulness of the MC tablets will be elucidated in more detail in vitro and in vivo in the future.
CONCLUSION
MC tablets were produced as a compact dosage form by the wet granule compression method. HPC and CMC Na were not useful as a binder for the preparation of the tablets. When MT was used as a binder at 120％ of MC, the tablets were well formed, and the tensile strength and disintegration time were acceptable. The adsorption potential of the tablets was lower to some extent than MC alone, but they retained a high adsorption potential to the model drugs used. It is suggested that the present tablets prepared using MT as a binder by the wet granule compression method should be useful as a compact dosage form of MC.
